Abstract: Auroral features and associated particles and fields are investigated for three auroral substorms (pseudobreakups) observed at 19-20 MLT on December 30, 1994 and October 24 and 31, 2000. We identified the substorms using Pi 2 wave packets, positive/negative H variations at mid-/high-latitudes, and auroral brightenings in auroral images obtained by a ground all-sky camera and by the IMAGE FUV imager. The DMSP satellites crossed brightening arcs during the Pi 2 pulsations in the field-of-view of the ground camera at Fort Smith (67 MLAT), Canada, and Tixie (66 MLAT), Russia. The crossings were 1-2 hours duskside of the main onset local time. The brightening arcs were located at the equatorward boundary of the region 1 current and in the sunward convection region. The arcs corresponded to inverted-V accelerated electrons. From these observations, we suggest that the arc brightening occurs in the inner plasma sheet at the inner edge of the region 1 current source in the sunward convection region.
Introduction
An auroral substorm is a manifestation of a magnetospheric substorm, which is a fundamental disturbance that releases the energy stored in the magnetosphere to the ionosphere. The onset mechanism of magnetospheric substorms is still controversial (see Space Science Reviews, vol. 113 , No. 1-2, March 2004, for a review). Substorm onset is commonly described using the following two models.
The first is the near-Earth onset model, in which some instability in the nightside near-Earth plasma sheet inside 10 R E causes a substorm (e.g., [17] , [18] , [12] , and [5] ). The fact that the auroral substorm starts from the most equatorward arc (e.g., [1] and [19] ) supports this idea. [21] showed that the location of the auroral initial brightening was mapped inside 15 R E in the magnetosphere. However, field-line mapping of the auroral brightening region to the magnetosphere is always ambiguous because of the tailward-stretched magnetic field configuration that is present during the substorm growth phase.
The other model of substorm onset is the near-Earth neutral line (NENL) model, in which the magnetic reconnection at 20-30 R E in the tail causes the substorm (e.g., [14] and [3] ). The NENL formation at radial distances of 20-30 R E is supported by observations of the statistical flow-reversal location (e.g., [2] , [23] , and [20] ) and of the detailed structure of the reconnection region (e.g., [24] and [27] ). The mismatch between the auroral initial brightening (inside 10-15 R E ) and the reconnection region (20-30 R E ) may be explained by considering the braking of Earthward flow launched from the reconnection region as a generator of auroral brightening ( [31] ). [26] suggested that the two mechanisms (near-Earth instability and reconnection) may operate simultaneously in a coordinated way.
Particle and field signatures of the auroral initial brightening may be a key to identifying the source location of the brightening in the magnetosphere, and may help to verify the different models. For that purpose, several authors have compared auroral images and satellite particles and fields ( [28] : meridianscanning photometers and DMSP, [8] : ground auroral images and FAST, and [22] : satellite auroral images and FAST]. These studies indicate that the onset arc is located in the middle part or the equatorward edge of the electron precipitation region, and in the intense ion precipitation region, suggesting that the source is located in the inner part of the plasma sheet.
Despite these previous studies, simultaneous observation of auroral images and in situ plasma data at substorm onset is still very limited. In the ICS-8, we reported simultaneous measurements of substorm brightening arcs for three ground-satellite conjunction events, using auroral images and in situ particle, field-aligned current, and plasma convection data. Due to the limit of the total pages of this proceedings, we show only some parts of the measurements. The full descriptions of these three events were reported by [36] , [34] and [37] .
Observations
In this work, we use auroral images obtained by panchromatic all-sky TV cameras with image intensifier at Tixie (TIK, 71.6
• N, 128.8
• E, magnetic latitude (MLAT) = 66.0 • ) and at Fort Smith (FSM, 60.0
• N, 248
• E, 67.0 • MLAT). The cameras take auroral images in visible wavelengths with a time resolution of 1-4 s. Details of the cameras are given by [29] . [35] [1997] [1998] [1999] [2000] at TIK and one month (December 1994 -January 1995) at FSM, we searched simultaneous observations of substorm-associated auroral arcs detected by the ground all-sky camera and auroral particle and field data obtained by the DMSP satellites in the field-of-view of the cameras. Only three events were available during which DMSP crossed the brightening arc within 10 min of the brightenings. This fact indicates the difficulty of obtaining simultaneous ground and satellite observations of substorm brightening arcs. [38] ), for the substorm event on October 31, 2000, which was reported by [37] . IMF data is shifted 63 min by taking into account the travel time from the ACE spacecraft to the magnetopause. The all-sky images are converted to geographical coordinates, assuming an auroral altitude of 120 km. The keogram shows auroral intensity variations at a geographical longitude of TIK (128.8
• E). In Figure 1 , IMF Bz measured by the ACE spacecraft at X = 219 R E was almost continuously southward (∼ 0 to −5 nT), and By was duskward (> 5 nT) for 0930 -1100 UT. In the keogram, the equatorward boundary of the auroral zone gradually shifts equatorward during the plotted interval. As indicated by the vertical dashed line, an auroral intensification took place at ∼1004 UT (18.5 MLT at TIK) at the equatorial boundary of the auroral zone at ∼66
• MLAT (∼72 • GLAT). The DMSP F12 satellite crossed the arc at this time, as shown later. An equatorward-drifting aurora was observed simultaneously poleward of the brightening arc. However, auroral expansion was not observed in the keogram. Small magnetic field variations were seen in the high-latitude magnetograms at TIK and CHD at this time. Pi 2 pulsations with a coherent phase structure were identified in the midlatitude magnetic field data at MSR, CAN, and ADL. These features indicate that this auroral brightening is categorized as a pseudo-breakup. A major substorm took place at ∼1020-1040 UT, as characterized by an auroral expansion at TIK, high-latitude magnetic field variations and midlatitude Pi 2 pulsations. • westward from geographic north (N). The image center is the zenith of TIK. The orange squares indicate the footprints of the DMSP F12 spacecraft at an altitude of 120 km.
In Figure 2 , an auroral arc extends from east to west at 1003:49-1004:49 UT at a latitude of 72
• N, which is the equatorward boundary of the auroral region. The arc completely expands to the west at 1004:49 UT. The arc width is less than 1 degree in latitude. The DMSP footprint crosses the western edge of the brightening arc from low to high latitudes at 1004:06 UT. Two auroral arcs in the NW-SE direction can be seen poleward of this brightening arc. They show continuous equatorward motion, as shown in Figure 1 . The DMSP spacecraft is in circular polar orbit, and it observes precipitating electrons and ions, ion drift velocities, and magnetic field variations at an altitude of 840 km. These data from 1003:00 to 1006:29 UT on October 31, 2000, are shown in Figure 3 . As shown by the vertical dashed line, the bright- ening arc corresponds to an electron inverted-V structure with a peak energy of ∼1 keV at the equatorward edge of the electron precipitation region. The latitudinal width of the inverted-V structure is less than 1 degree, which is consistent with the observed arc width at Tixie. It is located ∼3
• (in latitude) poleward of the equatorward boundary of the ion precipitation region and ∼ 6
• equatorward of the poleward boundary of the electron precipitation region. The inverted-V structure is also located at the middle part of the energetic (> 1 keV) ion precipitation region.
In the top and second panels of Figure 3 , we show magnetic field and ion drift velocities for the component perpendicular to the DMSP spacecraft's trajectory in the horizontal plane. The component can approximately be regarded as east-west component. For the magnetic field data, eastward magnetic field intensity increases (downward field-aligned current) from lower latitudes up to 66.5
• MLAT, and then decreases (upward fieldaligned current) to 72
• MLAT. This feature is a typical pair of region 1 and 2 currents in the dusk sector ( [15] ). The auroral particles associated with the brightening arc (indicated by the vertical dashed line) are located at the equatorward edge of the upward region 1 field-aligned current, with a local enhancement of the current intensity.
The plasma velocity data obtained by the ion drift meter indicates that the whole region plotted in Figure 3 corresponds to the westward (sunward in this local time) convection region. The brightening arc at 66.6
• MLAT is located in the middle of this sunward convection region. The arc corresponds to a local enhancement of velocity shear from west to east, which is a typical feature of auroral arcs (e.g., [4] ). Figure 4 shows the particle data for another ground-satellite conjunction event obtained by the DMSP F10 spacecraft from 0410:30 UT to 0414:29 UT on December 30, 1994 . This event was reported in detail by [36] as the conjugate ground-satellite observation of a substorm brightening arc during a pseudo onset observed at FSM. As shown by the vertical red-dashed line, the brightening arc corresponds to a clear electron inverted-V structure with a peak energy of ∼3 keV near the equatorward edge of the electron precipitation region. The inverted-V structure has a latitudinal width of ∼1 degree and is located about 2 degrees poleward of the equatorward boundary of the ion precipitation region and ∼5 degrees equatorward of the poleward boundary of the electron precipitation region. It is also located at the poleward boundary of the energetic (> 1 keV) ion precipitation region. The greatest ion energy flux region is located about 1 degree equatorward of the inverted-V structure. For this event, magnetic field and plasma drift data were not available. Figure 5 shows the particle and field data for the third groundsatellite conjunction event obtained by the DMSP F15 spacecraft from 1046:00 UT to 1051:00 UT on October 24, 2000. This event was reported in detail by [34] as the conjugate groundsatellite observation of a sequence of substorm brightening arcs. During a 30-min interval at 1020-1050 UT, three Pi 2 wave packets and associated auroral brightenings are observed. The DMSP F15 satellite crossed the brightening arc just after the third brightening in the field of view of TIK. The DMSP F15 satellite crosses the most equatorward arc at ∼1048:15 UT, which brightened at the second Pi 2 onset. Intense accelerated electrons are observed around this time (1048:06-1048:12 UT), as indicated by the vertical dashed line. Then at ∼1048:40-1049:20 UT the satellite enters the region of westward-expanding auroras, which is brightened at the third Pi 2 onset. Two inverted-V type accelerated electrons are observed around this time (1048:30-1049:20 UT), as indicated by the horizontal red bars in Figure  5 . The energy of these accelerated electrons reaches 10 keV. These accelerated electrons are located in the region of highenergy ion precipitation, which can be recognized at 61-68
• MLAT (1047:00-1049:30 UT).
In the top panel of Figure 5 , large-scale upward and downward field-aligned currents are observed, as shown by the black arrows. They are probably the region 1 (upward) and region 2 (downward) field-aligned currents in the evening sector ( [15] ). The brightening auroras indicated by the dashed line and horizontal bars are located in the region 1 upward field-aligned current. The ion drift data indicates that the plotted interval is mostly in the westward (sunward) convection region except for the latitudes higher than the electron precipitation region (>70 MLAT). The ion drift velocities in the onset arcs (indicated by the vertical red-dashed line and horizontal bars) show intense turbulences with peak-to-peak amplitudes up to ∼1000 m/s, while the background convection velocity is rather weak. It is noteworthy that the most equatorward arc (dashed line), which brightened after the second Pi 2 pulsation, is located at the equatorward edge of the region 1 current. This arc is located in the sunward convection region, where the convection velocity suddenly decreases from lower latitudes to higher latitudes. This decrease in convection velocity corresponds to converging poleward-directed Pedersen currents, which would give rise to the upward field-aligned currents of the arc. This decrease in convection velocity may also correspond to the duskward extension of the Harang discontinuity, though the velocity does not turn to negative. The intense westward drift at 59-62 MLAT (1046:30-1047:20 UT) is probably the Subauroral Ion Drift (SAID) associated with the high geomagnetic activity (e.g., [10] and [9] ).
Summary and Discussion
We have shown particle and field features associated with auroral initial brightenings for three auroral substorms (pseudobreakups) observed at 19-20 MLT on December 30, 1994 and October 24 and 31, 2000. The DMSP satellites crossed brightening arcs in the field-of-view of the ground all-sky cameras. All the crossings were 1-2 hours duskside of the main onset local time. The brightening arcs correspond to the inverted-V accelerated electrons at or near the equatorward edge of the electron precipitation region. They were located just poleward of the main ion precipitation region. They were located near the equatorward boundary of the region 1 current, in the sunward convection region, and in the localized turbulence region of ion drift velocity. Figure 6 illustrates the observed features of the brightening arc mapped to the equatorial plane of the magnetosphere. For all the three events, the observations were made 1-2 hours duskside of the main onset local time. The brightening arc extended from the nightside just after the ground Pi 2 pulsation. The arc was located at the equatorward edge of the region 1 upward field-aligned current in the sunward convection region. This fact suggests that the onset occurs at the boundary of the region 1 and 2 current drivers in the magnetosphere.
According to MHD theory, the major field-aligned current drivers in the magnetosphere are particle inertia, pressure gradient, and temporal variation of flow shear (e.g., [13] and [11] ). The pressure gradient force in the longitudinal direction from midnight to both evening and morning sectors possibly generates both the region 1 and 2 current systems ( [32] ), but mainly drives the region 2 current due to the inward gradient of the magnetic field. The partial ring current due to the gradient and curvature of the magnetic field also drives the region 2 current system (e.g., [16] and [7] ). These considerations suggest that the region 2 current drivers mainly act in the dipolar field region. The temporal development of the flow shear of the increase in westward flow with increasing latitude (inner part of the sunward convection belt) can also cause the region 2 downward current system in the evening sector. On the other hand, the temporal development of the flow shear of the decrease in westward flow with increasing latitude can drive the region 1 upward field-aligned current in the evening sector. This region 1 type flow shear is expected in the plasma sheet from the outer part of the sunward convection region to the antisunward convection region near the tail flank, as shown in Figure 6 . The magnetospheric source of the most equatorward brightening arc is located at the boundary of these two current drivers.
[34] discussed the implication of the above observed facts in relation to the substorm models. The brightening arc is probably not connected directly to the lobe reconnection. However, these observations cannot differentiate between near-Earth onset models, i.e., flow braking ( [30] and [31] ), IMF northward turning and associated convection inhomogeneity ( [18] ), and near-Earth plasma sheet instability ( [17] , [6] , and [25] ). However, we would like to draw attention to the fact that the most equatorward arc that brightens at the substorm onset is not at the equatorward edge of the auroral oval and associated fieldaligned current systems, but that the region 2 current system exists equatorward of the brightening arc.
It should be noted that our measurements were made 1-2 hours duskside of the main onset longitudes. For all the three events, the auroral arcs come from the east (nightside) in the field-of-view of the ground cameras. This motion is different from that in the onset region, where aurora simply brightens at the equatorward-most arc and expands poleward (e.g., [1] and [19] ). [22] have shown, using the FAST particle data, that the auroral brightening at the onset longitude is caused by suprathermal electron precipitation. This fact suggests that at the exact onset longitude the brightening arc may not be the inverted-V accelerated electrons.
